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496Objectives: There is mounting evidence supporting the benefit of surgical skills practice in a simulated environ-
ment. However, the use of simulation in cardiac surgical training has been limited. The purpose of the current
trial was to examine the effect of independent and deliberate simulator practice, during nonclinical time, on the
performance of an end-to-side microvascular anastomosis in an in vivo model.
Methods: This single-blinded, randomized controlled trial received institutional review board approval. Thirty-
nine first- and second-year surgical trainees were randomized to an expert-guided tutorial on a procedural trainer
or to the expert-guided tutorial combined with self-directed practice on the same procedural trainer. Self-
directed practice consisted of 10 anastomoses performed on the procedural trainer: a low-fidelity, commercially
available bench model using 4-mm polytetrafluoroethylene graft as simulated blood vessel. Two weeks after the
tutorial, subjects performed an end-to-side anastomosis in a live porcine model, under realistic operating room
conditions. Assessment of outcomes was performed by 2 blinded, expert observers, uings validated measure-
ments of technical skill. The primary outcome was the score on the Objective Structured Assessment of Tech-
nical Skill (OSATS) scale. Secondary outcomes included an anastomosis-specific end-product evaluation and
time to completion. Statistical analysis was conducted using nonparametric, univariate techniques.
Results: Compared with residents who received expert-guided simulator training alone, those who in addition
practiced on a simulator independently after hours scored significantly higher on the OSATS scale (23.7 4.7 vs
18.5  3.9, P ¼ .003). Residents who practiced independently also scored significantly higher on the end-
product evaluation (11.4  3.2 vs 8.9  2.1, P ¼ .02) and performed the anastomosis significantly faster
(777 seconds vs 977 seconds, P ¼ .04). Interrater reliability was high between the expert observers (intraclass
correlation coefficient ¼ 0.8).
Conclusions: Residents who had the opportunity for self-directed simulator practice performed an end-to-side
anastomosis more adeptly, more quickly, and with a higher quality end product. The results of this randomized
trial suggest that independent training on a procedural trainer did transfer to improved performance in an oper-
ating room environment. Simulator training should be incorporated into cardiovascular surgical curricula and
residents should have access to this modality for independent after-hours practice to improve operating room
performance. (J Thorac Cardiovasc Surg 2011;142:496-503)The current method of surgical training is predicated on the
apprenticeship model introduced by Halsted at Johns Hop-
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The Journal of Thoracic and Cardiovascular Surgplace primarily in the operating room on live patients. There
are a number of threats to this style of surgical education
with the changing practice patterns of the new millennium.
These include work-hour restrictions for medical profes-
sionals, an increasingly litigious medical environment,
and increasing complexity of cases at surgical teaching cen-
ters. These factors have contributed to fewer opportunities
to learn surgical procedures in the operating room on live
patients. Furthermore, the high-stress environment of the
operating room may not be the ideal environment for new
skill acquisition. These challenges have stimulated the pur-
suit of novel techniques for teaching trainees outside the op-
erating room. Simulation provides the learner with an
opportunity for repetitive and deliberate practice of proce-
dural skills in a low-consequence environment. The utility
of simulation in surgical training is gaining widespread rec-
ognition; there is increasing literature demonstrating theery c September 2011
Abbreviations and Acronyms
OSATS ¼ Objective Structured Assessment of
Technical Skill
PGY ¼ postgraduate year
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ronment on performance of specific surgical tasks in numer-
ous subspecialties.2-6 Despite this evidence, the use of
simulation in cardiovascular surgery remains relatively
underused and underinvestigated.
End-to-side microvascular anastomosis, such as that used
for coronary artery bypass surgery, is a challenging techni-
cal skill requiring expertise in instrument, suture, and nee-
dle handling, as well as vascular tissue manipulation and
economy of motion. The purpose of the current trial was
to examine the potential benefit of independent, after-
hours deliberate practice on a procedural trainer, in addition
to an expert-guided tutorial, compared with the expert-
guided tutorial alone, on performance of end-to-side micro-
vascular anastomosis. Although simulation training has
been demonstrated to improve technical skills in vascular
anastomosis,7,8 the effect of additional independent, self-
directed practice on a procedural trainer, during a trainee’s
nonclinical time, has not been previously examined in a ran-
domized controlled fashion.
METHODS
Study Design
This was a single-center, single-blinded, randomized controlled trial.
The protocol was approved by the Ottawa Hospital Ethics Review Board
and the University of Ottawa Animal Care Committee. Between January
2009 and August 2010, 39 first- and second-year surgical trainees were ran-
domized to an expert-guided tutorial on a procedural trainer or to the
expert-guided tutorial combined with self-directed practice on the same
procedural trainer. Computer-generated randomization was stratified ac-
cording to postgraduate year (PGY) of training (PGY 1 vs PGY 2). The per-
formance of an end-to-side anastomosis was assessed in a live porcine
model under realistic operating room conditions (Figure 1).
Subjects included in this study were first- and second-year surgical
trainees of all surgical subspecialties at a large tertiary-care teaching hos-
pital. Individual consent to participate was obtained from all subjects. Ex-
clusion criteria for the study were previous participation in one of the
expert-guided teaching sessions or prior experience on either the proce-
dural trainer of the in vivo model.
The study used a commercially available procedural trainer (Limbs &
Things, Savannah, Ga) to simulate an end-to-side anastomosis
(Figure 2). Segments of nonringed, regular-walled, 4-mm polytetrafluoro-
ethylene tube graft (W. L. Gore & Associates, Inc, Flagstaff, Ariz) were
used to simulate the vessels and bypass conduits. These models are low fi-
delity in nature but have reasonable face validity and content validity. The
construct validity for very similar models of vascular anastomosis has been
established.9-12 Students were instructed to perform the end-to-side anasto-
mosis using a single 5-0 polypropylene suture (Covidien AG, Mansfield,
Mass) in running fashion with microvascular surgical instruments.
Trainees randomized to the expert-guided tutorial alone received a di-
dactic lecture consisting of an in-depth review of the exact technical stepsThe Journal of Thoracic and Caand principles involved in performing an end-to-side anastomosis. The sub-
jects were then given the opportunity to practice on the procedural trainers.
Expert tutors were present to provide instruction and guidance to the par-
ticipants. Each student performed 3 anastomoses, observed and guided
by an expert. A fourth anastomosis was performed without coaching and
recorded for scoring as a pretest. All students randomized to the expert-
guided tutorial alone were instructed not to practice the techniques outside
of the laboratory.
Subjects randomized to receive the combination of expert-guided tuto-
rial and self-directed practice on the procedural trainer received the identi-
cal training and pretest to that described for the first group. In addition,
subjects randomized to this group were given a model, surgical instru-
ments, suture material, and a log book. Self-directed practice involved per-
forming 10 anastomoses that were done at the subject’s convenience at
some point during the 2 weeks after the training session. Subjects logged
the date of each anastomosis they performed independently.
Outcome Measures
The primary end pointwas themeanObjective StructuredAssessment of
Technical Skill (OSATS) score for the anastomosis in the invivo porcine ca-
rotid artery model. Secondary outcomes were time to completion and the
end-product evaluation. The in vivo test occurred 2 weeks after the initial
training session. The intention of the animal model was to create a high-
fidelity simulation in a realistic operating room environment. Several
measureswere used to ensure adequate face and content validity. To approx-
imate pressures of the operating room environment, the trainee adhered to
full sterile procedure and operating room protocol. In addition, subjects
weremade aware that theywere being timed and graded. JuvenileYorkshire
swine (35-50 kg) underwent general anesthesia,mechanical ventilation, and
cardiopulmonary monitoring similar to a human operating theater. The ca-
rotid arteries were exposed and clamped. Polytetrafluoroethylene tubing, 4
mm in diameter, served as a conduit for the anastomosis. The anastomosis
was performed using a single, running 6-0 polypropylene suture.
All anastomoses were video recorded and subsequently graded by 2 ex-
pert observers. The graders were 2 expert cardiac surgeons who were
blinded to the randomization status of the subjects. The observers were
trained with sample performances in the appropriate use of anchored grad-
ing scales. The video recording was limited to the subject’s hands and the
model only, to avoid any possibility of identifying the subject.
Objective scoring of technical proficiency was conducted using 3 vali-
dated methods. The OSATS is a global rating scale developed at the Uni-
versity of Toronto. It has been extensively validated13-15 and used. The
OSATS global rating scale is constructed of 7 categories marked on
a Likert scale from 1 to 5, tied with descriptive anchors, giving
a possible total of 35 marks (Appendix 1). A grade from 1 to 5 was assigned
for each of the 7 fields in the modified OSATS global rating scale. A total
score out of 35 will be assigned to each subject. The OSATS has been used
and validated to score performance of vascular anastomoses in previous
studies.2,10,11 Time to completion of a task has been widely applied for
assessment of surgical skill.2,6,9,12 It has been suggested that while speed
itself is not the goal of a surgeon, with increasing experience speed
represents increasing economy ofmotion rather than haste.2 Subjects began
the task from a standardized position. The time to tying of the final knot was
recorded. The final outcome measure was the end-product evaluation. The
end product was assessed on a 4-parameter global rating scale by blinded
observers.12 Four parameters—suture spacing, suture eversion, quality of
the heel of the anastomosis, and the quality of the anastomotic toe—
were graded on a 5-point Likert scale, with the total mark out of 20
(Appendix 2).STATISTICAL ANALYSIS
A sample size calculation was performed using SAS ver-
sion 9.1.3 statistical software (SAS Institute, Inc, Cary,rdiovascular Surgery c Volume 142, Number 3 497
FIGURE 1. CONSORT diagram representing the experimental study
design.
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UNC). A difference of 5 points on the OSATS scale repre-
sents a minimal relevant difference between groups. This
effect size has been previously demonstrated in a number
of simulation trials.3,16 It was determined that 34 students,
17 per arm, would provide 80% power to detect a 5-point
difference in mean OSATS score for the in vivo model, as-
suming a standard deviation of 5.0 and a 2-sided type 1 error
of 5%.
Statistical analysis was performed using SAS version
9.1.3 statistical software (SAS Institute). DemographicFIGURE 2. Procedural trainer used to simulate an end-to
498 The Journal of Thoracic and Cardiovascular Surgdata were compared between the groups using a t test for
continuous variables and c2 or Fisher’s exact test, where ap-
propriate, for categorical variables. The mean time to com-
pletion, mean OSATS scores, and mean end-product scores
were compared between groups. The nonparametric
Kruskal-Wallis test was used to test for differences between
groups in the continuous outcomes. Interrater reliability be-
tween the expert observers was calculated using the intra-
class correlation coefficient. Given the high interrater
reliability, the results of the senior observer were used for
the purposes of analysis. Analysis was performed according
to the intention-to-treat principle.
RESULTS
The subject characteristics and pretest scores are shown
in Table 1. The distribution of PGY 1 and PGY 2 trainees
and the distribution of surgical subspecialties was similar
between the randomized groups. Both groups scored simi-
larly on the pretest anastomosis in terms of OSATS scores,
end-product scores, and the time to completion. There were
no crossovers between randomized groups. All trainees
assigned to self-directed practice completed all 10
anastomoses.
Compared with residents who received expert-guided
simulator training alone, those who in addition practiced
on a simulator independently scored significantly higher
on the OSATS scale (23.7  4.7 vs 18.5  3.9; P ¼ .003)
(Figure 3).When analyzed separately, PGY 1 trainees ran-
domized to self-guided practice scored significantly higher
than controls on the OSATS scale (26.0 4.6 vs 20.0 1.2;
P ¼ .01). PGY 2 trainees also scored significantly higher in
technical performance with self-guided practice (22.8 4.6
vs 18.0 4.4; P¼ .05).When the individual component do-
mains of the OSATS scale were tested separately, a statisti-
cally significant improvement was observed with
independent practice in 4 of the 7 domains. These included
time and motion (P ¼ .005), flow of operation (P ¼ .008),-side anastomosis (Limbs & Things, Savannah, Ga).
ery c September 2011
TABLE 1. Subject characteristics
Self-directed
practice (n ¼ 21 )
No self-directed
practice (n ¼ 18)
P
value
PGY 1 16 (76.2%) 13 (72.2%) 1.0
Subspecialty .1
Orthopedic surgery 3 (14.3%) 2 (11.1%)
Urology 3 (14.3%) 4 (22.2%)
General surgery 10 (47.6%) 3 (16.7%)
Cardiac surgery 1 (4.8%) 0 (0.0%)
Obstetrics and
gynecology
0 (0.0%) 4 (22.2%)
Otolaryngology 1 (4.8%) 3 (16.6%)
Neurosurgery 3 (14.3%) 1 (5.6%)
Plastic surgery 0 (0.0%) 1 (5.6%)
Pretest scores
OSATS 20.1 (4.0) 20.0 (4.2) .5
Time to completion (s) 715 (196) 678 (128) .5
End-product score 10.7 (2.9) 10.0 (2.7) .8
OSATS, Objective Structured Assessment of Technical Skill.
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cedure (P ¼ .001).
Residents who practiced independently also scored sig-
nificantly higher on the end-product evaluation (11.4 
3.2 vs 8.9  2.1; P ¼ .02) (Figure 3). When analyzed sep-
arately, trainees had nonsignificant trends toward higher
OSATS scores with self-guided practice at both the PGY
1 (10.7  3.3 vs 8.5  1.9; P ¼ .08) and PGY 2 (13.0 
2.5 vs 10.0 2.3; P¼ .08) levels.When the individual com-
ponent domains of the end-product scale were tested sepa-
rately, a statistically significant improvement was observed
with independent practice in 3 of the 4 domains. These in-
cluded suture spacing (P ¼ .04), suture eversion (P ¼ .04),
and quality of the anastomotic toe (P ¼ .05). In the fourth
domain, quality of the anastomotic heel, trainees who prac-
ticed independently displayed a nonsignificant trend toward
improvement (P ¼ .09).FIGURE 3. The effect of independent, self-directed practice on (A) the total O
total end-product score and (B) the time to completion of the anastomosis on t
The Journal of Thoracic and CaTrainees randomized to self-directed practice on a proce-
dural trainer performed the anastomosis significantly faster
(777 seconds vs 977 seconds; P ¼ .04) (Figure 3). The cor-
relation between the 2 expert observers was formally tested.
Interrater reliability was high between the expert observers
(intraclass correlation coefficient ¼ 0.8).DISCUSSION
Teaching surgical technique in a simulated environment
has a number of advantages over operating on live patients.
Simulation provides the learner with an opportunity for re-
petitive and deliberate practice of technical skills in a low-
consequence environment. According to Ericsson’s theory
of acquisition of expert performance,17 deliberate practice
of skills is the critical activity in developing expert abilities.
The intention of the control intervention, the expert-guided
tutorial, was to mirror the current reality of surgical training
where teaching occurs in the operating room or on a simula-
tor. The purpose of the trial was to assess the possible benefit
of additional independent practice in a simulated environ-
ment in an actual in vivo operating room scenario. Although
after-hours access to procedural trainers has been advocated
for trainees,7,18 a formal randomized controlled assessment
of the value of independent, self-directed simulator training
has not been previously conducted.
The findings of the current study suggest the addition of
self-directed, after-hours practice on a procedural trainer to
an expert-guided tutorial leads to improved technical per-
formance, faster performance, and an improved end product
for vascular anastomoses. In addition, it was demonstrated
that independent practice on the low-fidelity model does
translate into improved performance in a realistic operating
room environment. The findings were consistent within the
procedural and end-product measures. Furthermore, the
findings were consistent at both the PGY 1 and PGY 2 levels
individually and within the majority of domains of thebjective Structured Assessment of Technical Skill (OSATS) score and the
he live porcine carotid artery model.
rdiovascular Surgery c Volume 142, Number 3 499
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validity and robustness of the overall findings.
The challenges to current methodologies of surgical
training underscore the importance of objectively assessing
the competence of graduates of surgical residencies. In re-
sponse to these concerns, surgical training programs have
endeavored to develop standardized, objective methods to
assess technical skills in trainees. A number of systems
have been created and validated as accurate assessments
of surgical skill. The University of Toronto OSATS score
is the most widely used and validated measure of technical
skill.2,10,11,13-15 Both the OSATS and time-to-completion
are considered measures of generic surgical skill. It has
been argued that these techniques ignore the quality of the
final surgical result, which represents the more clinically
relevant end point. There is growing interest in the use of
methodologies that score the quality of the final product.
A number of different systems have been specifically devel-
oped for the assessment of the quality of an anastomosis.
These include Likert scales, which grade the quality of
the end product as assessed by experts,2-4,12 maximal
diameter of the anastomosis,12 a dichotomous assessment
of patency,3,4 and assessing the degree of leak using
a Likert scale.9 To ensure a robust assessment of outcomes,
we used 2 procedural outcome measures and an assessment
of the end product, specifically the anastomosis-specific
4-parameter global rating scale by blinded observers.12
A number of studies have demonstrated the utility of sim-
ulation training on the performance of various types of
anastomoses. Grober and associates3 demonstrated the ef-
fectiveness of training on high-fidelity and low-fidelity
models for the performance of end-to-end microanastomo-
sis on the vas deferens of a live rat. Simulator training, re-
gardless of model fidelity, was found to improve
subsequent performance of the task on both high- and
low-fidelity simulators compared with subjects who re-
ceived didactic training alone. This benefit was found to
be durable and persist in the long-term.4 Pandey and col-
leagues2 examined the effect of participation in a simula-
tor-based workshop on the performance of an end-to-end
anastomosis for abdominal aortic aneurysm repair. The au-
thors demonstrated objective improvements in technical
performance for surgeons of various levels of experience af-
ter participation in the workshop. Reporting the experience
from the Thoracic Surgery Directors Association ‘‘Boot
Camp’’ experience, Fann and coworkers8 reported im-
proved performance of coronary anastomosis after an
expert-guided tutorial on a task trainer and porcine heart
model. This trial confirms the findings of Fann and co-
workers and contributes novel information about the value
of after-hours, self-directed practice.
The concept of self-directed practice on a procedural
trainer during nonclinical time has been examined in car-
diac surgery. The combination of formative feedback from500 The Journal of Thoracic and Cardiovascular Surgan expert combined with 2 weeks of self-directed indepen-
dent practice on a low-fidelity procedural trainer resulted in
improved technical performance of mitral valve annulo-
plasty by cardiac surgical trainees at multiple levels.18 In
a study examining the role of simulation in coronary
anastomosis, Fann and coworkers7 examined the effect of
a simulator training protocol, which consisted of both
expert-guided and self-directed practice. Although not
a randomized comparison, the authors demonstrated that
this training regimen resulted in improved performance
on a procedural trainer for arrested-heart coronary anasto-
mosis and on a high-fidelity simulator for beating-heart cor-
onary anastomosis. The authors concluded that distributed
practice, including self-directed practice, is a useful method
for training surgical skills. In our study, we have confirmed
the importance of self-directed practice during the trainee’s
nonclinical time. Fann and colleagues noted that improve-
ment was not observed in all residents and that there is
likely a ceiling effect with respect to the trainer and a plateau
effect with respect to the trainee. The authors noted that this
was more likely the case inmore senior trainees with greater
experience. This observation has been made previously. It
has been demonstrated that, for junior trainees, model fidel-
ity does not affect the degree of benefit conferred by train-
ing.3,4,16 As surgical experience increases, the fidelity of the
model contributes to the ceiling effect. In the current study,
junior surgical trainees with limited exposure to
cardiovascular surgery were selected to limit these effects.
The results of this study have important implications for
cardiovascular surgical training. As challenges to tradi-
tional methods of teaching surgical skills in the operating
room continue to increase, the importance of learning skills
in a simulated environment will gain increasing importance.
As such, simulation has become an important component of
surgical curricula. Of particular importance is the unknown
effect of ever-increasing work-hour restrictions for trainees
on the quality of technical surgical training. Our findings
suggest that providing after-hours access for trainees to pro-
cedural simulators is an effective technique to improve
technical skill in the operating room environment. As
such, trainees can effectively practice procedural skills on
their own time to tangibly improve technical performance.
This approach has the added benefits of maximizing usage
of work hours for work-related tasks and optimizing the
trainee’s experience while in the operating room.
Several authors have expressed concern over the feasibil-
ity and sustainability of simulation training, particularly
high-fidelity simulation, because of cost, time, and com-
plexity.19,20 The procedural trainer used in the current
trial has the benefits of being inexpensive, low-
maintenance, and portable. These characteristics are critical
in developing a system for simulation training, including
self-directed practice, which is sustainable and feasible
for both the training program and the trainee.ery c September 2011
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Although the trainees randomized in this study were well
matched in terms of level of training and performance on
the anastomosis pretest, only junior trainees in the first 2
years of surgical training were included. The results ob-
served may not be generalizable to trainees of higher levels
of experience. We used a live porcine carotid artery model
in an operating room environment to realistically simulate
a live human patient. Despite this, it is difficult to entirely
simulate the complex setup of a coronary anastomosis. Fur-
thermore, the inability to suspend disbelief may have been
a factor for some trainees using the porcine model. Finally,
subjects randomized to self-directed practice self-reported
the anastomoses performed independently. As such, the po-
tential for misclassification is always a possibility and the
level of intensity of independent practice may have varied.CONCLUSIONS
Residents who had the opportunity for self-directed sim-
ulator practice performed an end-to-side anastomosis more
adeptly, more quickly, and with a higher quality end prod-
uct. The results of this randomized trial suggest that inde-
pendent training on a procedural trainer did transfer to
improved performance in an operating room environment.
Simulator training should be incorporated into cardiovascu-
lar surgical curricula, and residents should have access to
this modality for independent practice to improve operating
room performance.References
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DrW. Randolph Chitwood, Jr (Greenville, NC). This is a very
interesting study. Many of us believe that more training is better
and more simulation training will be better premonitory training.
As an example, I trained for 10 years, and future residents now
may be training for 6 years. Moreover, residents now have limited
work hours; therefore, they may obtain only about one third to one
half of the actual experience that past surgeons had in residency
training. Young surgeons will have to make up this difference in
education with something else.
How will you take this platform to the next level as a higher-
fidelity training program? Today, there are simulators that will
allow young surgeons to do vascular anastomoses. How does
your work compare?
Dr Price. Thank you, Dr Chitwood, you have raised a number
of interesting points. Your first point, with which I entirely agree, is
that the shorter duration of training combined with the challenges I
mentioned certainly contribute to decreased opportunity to train
technical skills. The issue of model fidelity is an important one,
and there has actually been quite a bit of literature in education
scholarship looking at that. What has been found is that highmodel
fidelity is important in more advanced surgical trainees. In lower-
level trainees, specifically PGY 1 and PGY 2 trainees, which we
examined in this study, model fidelity seems to be less of an issue.
That is to say that junior trainees benefit a great deal from a low-
fidelity model. A low-fidelity model has the additional benefit of
making a simulation program feasible and cost effective.
To answer your question regarding how this can be taken
forward combining low- and high-fidelity models, I think that re-
sources have to be focused in terms of cost at the level of trainee.
For lower-level trainees, I think low-fidelity models are very effec-
tive and cost effective as well. For higher-level trainees who will
want to benefit from simulation training, perhaps higher-fidelityrdiovascular Surgery c Volume 142, Number 3 501
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simulation training for a junior trainee increases the efficiency of
clinical time for the residents; they benefit more from their time
in the operating room because they come in with a higher level
of baseline skills.
DrM. Blair Marshall (Washington, DC). That was a very nice
study. I have 2 questions. One, did you notice a difference in the
residents’ interest in practicing their skills independently?
Dr Price. I’m sorry. Are you asking whether I noticed a differ-
ence between the groups?
DrMarshall. The residents whowere relegated to practicing on
their own, did some practice more than others?
Dr Price. The amount of practice was actually protocol driven.
We wanted to avoid variable amounts of practice as a source of
bias. It was dictated by the protocol that those randomized to inde-
pendent practice performed exactly 10 anastomoses on their own
time, and they actually logged this in a logbook. The subjects
were instructed not to do more and not to do less.
DrMarshall.Did you have any difficulty getting that donewith
them?APPENDIX 1. Objective Structured Assessment of Technical Skill (OSAT
Respect for tissue 1
Frequently used unnecessary
force on tissues and or caused
damage by inappropriate use of
instruments
2
Car
o
in
Time and motion 1
Many unnecessary moves
2
Effi
u
Instrument handling 1
Repeatedly made tentative or
awkward moves with
instruments by inappropriate
use of instruments
2
Com
o
a
Knowledge of instruments 1
Frequently asked for wrong
instrument or used
inappropriate instrument
2
Kne
a
in
Flow of operation 1
Frequently stopped operating and
seemed unsure of next move
2
Dem
p
p
Use of assistants 1
Consistently placed assistants
poorly or failed to use
assistants
2
App
o
Knowledge of specific
procedure
1
Deficient knowledge. Needed
specific instruction at most
steps
2
Kne
o
502 The Journal of Thoracic and Cardiovascular SurgDr Price.By resident report, all completed all 10 anastomoses on
their own time, and they submitted the logbook to us for evaluation.
Dr Marshall. Second, your tendency is to demonstrate differ-
ences in a technical skill using a simulated environment that rep-
licates an operating room. However, there have been studies
showing that one’s ability to determine differences in technical
skills acquired is worse than if they are tested in a less stressful en-
vironment. What are your thoughts on that?
Dr Price. You have raised an interesting point. The reason we
designed the trial in this way is that we believed the most relevant
outcomewas that practicing on their own on a simulator would im-
prove their performance when they came to the operating room.
The intention was to design as realistic a high-fidelity model as
possible on which to assess the primary outcome. Therefore, it
was a live model. We adhered to operating room protocol in terms
of sterility, monitors, and intubation, and a pseudo-anesthetist was
present. All these factors were meant to actually add to the stress of
the situation and realistically simulate the actual operating room
environment. We considered that the most relevant way to judge
performance.S) global rating scale
3
eful handling of tissue but
ccasionally caused
advertent damage
4 5
Consistently handled tissues
appropriately with minimal
damage
3
cient time/motion, but some
nnecessary moves
4 5
Clear economy of movement and
maximum efficiency
3
petent use of instruments but
ccasionally appeared stiff or
wkward
4 5
Fluid moves with instruments and
no awkward moves
3
w names of most instruments
nd used appropriate
strument
4 5
Obviously familiar with the
instruments and their names
3
onstrated some forward
lanning with reasonable
rogression of procedure
4 5
Obviously planned course of
operation with effortless flow
from one move to the next
3
ropriate use of assistants most
f the time
4 5
Strategically used assistants to the
best advantage at all times
3
w all important steps of the
peration
4 5
Demonstrated familiarity with all
steps of the operation
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APPENDIX 2.
Subject study No.: Judge:
Lab date (dry/wet): Date of assessment:
End-product rating scale
Suture spacing 1
Bites inconsistent in size and
depth, with wide gaps
2 3 4 5
Consistently equal and
appropriate spacing
Suture eversion 1
Inadequate
2 3 4 5
Superior performance
Quality of anastomotic heel 1
Inadequate
2 3 4 5
Superior performance
Quality of anastomotic toe 1
Inadequate
2 3 4 5
Superior performance
Total score: /20
Notes:
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